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ABSTRACT  

Background: Klebsiella pneumoniae is bacteria gram-negative opportunistic pathogen that causes a 

variety of infectious diseases.  

Aim of the study: The present study aimed to isolate K. pneumoniae, and finding out the extent of the 

spread of the blaOXA -1 and blaOXA -48 genes responsible for antibiotics resistance. 

Materials and methods: the detection of Klebsiella pneumoniae on morphological and biochemical tests 

and then assured with VITEK-2 system, and genotyping of blaOXA-1 and blaOXA-48 genes in isolates 

was done by PCR technique. 

Results: One hundred and fifty-eight samples were collected randomly from adults who suffers from 

respiratory tract infection, urinary tract infection, Inflamed burns and wounds including both sexes from 

different hospitals in Baghdad especially Teaching Laboratories of Medical City, Al-Mahmodia health 

centre, Al-Yarmouk hospital,and Al-Mahmodia hospital during the period from September  to November 

2020.Shown the results by VITEK-2 system for all isolates that 50 (31.6%) isolate from the total of 

isolates were K. pneumonia .Molecular test was detected via Polymerase Chain Reaction (PCR) 

conventional proved to be effective for the detection of diffuse blaOXA -1 gene at 66.7% and the present 

results demonstrated a high significant presence at P≤0.0001 among isolates. While the prevalence of 5 

isolates of the blaOXA -48 gene was 16.6% showed significant difference between the isolate types with p 

value ≤ 0.01.  

Conclusions: K. pneumoniae was the most bacterial species isolated from patient with pneumonia and 

our results indicate the spread of the OXA genes. 

Keywords: K. pneumoniae; Clinical Samples; blaOXA -1; blaOXA -48; OXA genes. 
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INTRODUCTION  

An opportunistic bacteria known as K. pneumoniae is linked to a number of community-

acquired illnesses, including as wound infections, septicemia, pneumonia, and urinary tract 

infections. The most frequent Klebsiella species causing infections in humans is one of the three 

most prevalent pathogens of worldwide concern that were found in the 2014 World Health 

Organization global study on antimicrobial resistance surveillance]1[. OXA enzymes are 

prevalent among several Gram-negative bacteria. The spread of plasmids, transposons, and 

integrons among bacteria and species contributes to so-called gene epidemics. Integrons have an 

alarming ability to enroll, propagate, and express resistance genes, and surveys indicate that they 

are widespread among gram-negative bacteria  ]2[. The subgroup of OXA-1 ]3[.The OXA-1 and 

OXA-30 β-lactamases are identical enzymes that were produced due to an initial sequencing error 

in the OXA-1 sequence]4[. at several different gram-negative bacteria, the blaOXA-1 gene was 

found at integron and plasmid locations.Like the majority of OXAs, OXA-1-lactamase 

hydrolyzes amino-and penicillins significantly while weakly hydrolyzing narrow-spectrum 

cephalosporins]5[. Additionally, OXA-1 hydrolyzes broad-spectrum cephalosporins weakly, 

which indicates a decreased vulnerability to cefepime and cefpirome.  ] 6[. As a result, it can be 

classified as β-lactamase that applies cephalosporins either widely or narrowly]7[. K. 

pneumoniae isolates that are resistant to carbapenem contain OXA-48. CPE isolates are 

developing the carbapenem OXA-48 in greater numbers]8[. With regard to imipenem, this 

enzyme has the highest known catalytic efficacy among class D-lactamases. K. pneumoniae 

contains a plasmid containing the blaOXA -48 gene. With regard to imipenem, this enzyme has 

the highest known catalytic efficacy among class D-lactamases. K. pneumoniae contains a 

plasmid containing the blaOXA -48 gene.  ] 9[. Plasmid-mediated dispersal resulted in an 

increasing issue. The Appleton class D beta-lactamase OXA-48 hydrolyzes carbapenems but has 

relatively little activity against cephalosporins with a longer spectrum, such as cefepime and 

ceftazidime]10[. OXA-48 was found in isolates of K. pneumoniae that were resistant to 

carbapenem, despite the fact that these isolates were generally multidrug-resistant and combined 

multiple resistance mechanisms]11[. 

MATERIAL AND METHODS 
Isolation of bacteria: 

This cross-sectional investigation was conducted between September 2020 and 

November 2020 on 50 isolates from various clinical specimens, including 14 urine isolates, 5 

burn isolates, 10 ear isolates, one vaginal isolate, 4 wound isolates, and 16 sputum isolates. All 

of the patients tested clinically positive for K. pneumoniae and were examined according to 

standard operating procedures. To avoid contamination, clean-catch midstream urine samples 

were taken from patients using sterile disposable glass containers (5 ml), whereas sputum was 

collected from each patient using sputum containers with screw covers. Additionally, clinical 

wound, ear, burn, and vaginal samples were collected using sterile cotton swabs.  
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Identification of bacteria: 

  Clinical K. pneumoniae isolates were done utilizing the compact bacterial identification 

of the VITEK-2 system, the GN card that was used for Gram-negative bacterial species which 

consisted of 47 substrates (biochemical tests) .All subsequent steps were practiced according to 

the guidelines of the manufacturer. 

 

Detection of blaOXA -1 gene and blaOXA -48 gene in K. pneumoniae isolates by molecular 

techniques (PCR assay) 
 

3.1 Preparation of Extraction DNA 

The DNA was extracted by using Presto™ Mini gDNA Bacteria Kit (Gene aid 

QAIC/TW/5077/Thailand). DNA was isolated from overnight cultures of carefully selected K. 

pneumoniae isolates in accordance with the manufacturing company's technique. 

3.2 Primers 

Table 1 : The name, sequence and product size of primers used in this study. 

Reference 
Amplicon 

Size (Bp) 
Primer Sequence 5′→3′ Primer  

This Study 
454 

GATCGCATTATCACTTA

TGGC 
blaOXA -1 F 

This Study 
454 

GGTTCTATTTGCTGTGA

ATCC 
blaOXA -1 R 

This Study 
481 

AATCATCAGGGGATTCT

TCAG 
blaOXA -48  F 

This Study 
481 

CCATAATCGAAAGCATG

TAGC blaOXA -48 R 

 

 

3.3 PCR assay (conventional PCR for detection of genes)  

3.3.1 Preparation of blaOXA -1 
A PCR mixture comprising 4 μl of template DNA, 5.5 μl of sterile nuclease-free water, 1.5 μl of 

each primer, forward and reverse, and 12.5 μl of one taq master mix was assembled in a total 

volume of 25 μl. The mixture was then vortexed, and the conditions for amplification were as 

follows: Initial denaturation takes place for 3 minutes at 94°C. Thereafter, there are 35 cycles of 

denaturation for 30 seconds at 94°C, primer annealing for 30 seconds at 50°C, and strand 

extension for 3 minutes at 70°C. The PCR products were visualized by staining with red safe 

stain and subjected to gel electrophoresis on a 1.0 w/v Agarose gel in 1x TAE buffer for 25 

minutes (90 volts). 

3.3.2 Preparation of blaOXA -48 
5 μl of template DNA, 4.5 μl of sterile nuclease-free water, 1.5 μl of each primer forward and 

reverse, and 12.5 μl of one taq master mix were added to the 25 μl PCR mixture. After the 

mixture was vortexed, the following criteria were met for amplification: After three minutes of 

initial denaturation at 94°C, there were 35 cycles of denaturation at 94°C for 30 seconds, primer 
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annealing for 30 seconds at 57°C, and strand extension for three minutes at 70°C. Red safe dye 

was used to view the PCR products after they were separated by gel electrophoresis on a 1.0 w/v 

Agarose gel in 1x TAE buffer for 25 minutes (90 volts). 

 

Statistical Analysis 
Data in this study were analyzed using the Chi-square test and were reported as a frequency and 

percentage. To determine the impact of various factors on research parameters (percentage), the statistical 

analysis system, SAS, is utilized to determine P-values < 0.05 and 0.01 statistically. [14]. 

  

RESULTS AND DISCUSSION 
 This system was used to prove a final identification of K. pneumoniae. The system was detected 

bacteria efficiently, faster, and away from the contamination that may prevent detection of the 

pathogen, by using Identification gram-negative Bacteria (ID-GNB) cards and showed results 

that 50 isolates belonged to K. pneumoniae. The GN card for gram-negative bacteria was used 

which consists of 47 biochemical tests as shown in figure 1.  

 

 

Fig. 1 Identification test by VITEK2 system (K. pneumoniae with probability 99%). 

 

   In study, 50 isolates of  K. pneumoniae from the total samples 158 . The consent to participate in 

the study was taken. The isolates of K. pneumoniae were collected from different clinical samples 

such as 16(32%) isolates from sputum,14 (28%) isolates from urine, 10 (20%) isolates from ear 

swabs, 5(10%) isolates from burns swab, 4(8%) isolates from the wound, and 1(2%) isolate from 

Vaginal as Shown in figure 2. The percentage of K. pneumoniae isolation was at a high rate (32%) 
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from sputum as compared with the remaining clinical samples. In modern years, K. 

pneumoniae have become becomes one of the essential bacterial causes in nosocomial infections 

]12[. It is an important nosocomial pathogen involved in urinary tract infections, and hospital-

acquired pneumoniae (HAP), also K. pneumoniae is a part of the intestinal flora, it was isolated as 

the causative agent in severe infections such as bacteremia ]13[, surgical wound infection, and 

septicemia ]14[. 

 

 

Fig.2: Percentages of the collected K. pneumoniae isolates according to the source of isolation. 

The current study found the blaOXA-48 gene in 5(16.66%) of the K. pneumonia isolates by 

conventional PCR (fig.3). The results showed that the existing rate of blaOXA-48 gene among 

isolates K. pneumonia shown in Table 2. Amplification of β-lactamases gene by conventional 

PCR  (fig.4) showed the presence of blaOXA -1 genes among 20 K. pneumoniae (66.7%) showed in 

Table 3.This result as in agreement with those of a local study carried by ]15[. Showed that 

the blaOXA -48 genes was detected in 21.4% K. pneumoniae isolates, and disagreement with 

several studies in countries of the region was reported the predominance of blaOXA-48 gene among 

Gram-negative bacteria, in UAE, ]16[. Reported that the prevalence rate of blaOXA -48 gene was 

53.3% in Klebsiella pneumoniae isolates, while in Turkey,]17[. Revealed that Klebsiella 

pneumoniae were possessed blaOXA -48 gene with a rate of 86%.Gene prevalence in 30 isolates 

showed that 5/30 isolates (16.67%) were positive for blaOXA -48 gene, and showed significant 

difference between the isolate types with p value ≤ 0.01 and the most common gene in these 

isolates were sputum 3 (10%) while 1 (3.33%) of the isolates were from urine and ear swabs, as 

shown in Table 2. Gene prevalence in 30 isolates showed that 20/30 isolates (66.67%) were 

positive for blaOXA -1 gene, and showed a very high significant difference between the isolate 

types with p value ≤ 0.01 and the most common gene in these isolates were sputum 6 (20%) 

followed by ear isolates 6 (20%), and urine It was 4 (13.3%) while 2 (6.67%) of the isolates were 

from burns and wounds swabs, as shown in Table 3. The occurrence rate of the blaOXA -1 gene in 

10%

28%

8%
32%

20%

2%

Burn
Urine
Wound
Sputum
Ear
Vaginal
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studied isolates varies widely. This result is in agreement with those of  a local study carried by 

]18[ showed that the blaOXA -1 gene have been detected in 71.7% K. pneumoniae isolates. 

Table 2: Distribution of patients study according to sources and blaOXA -48. 

Sources  
Positive 

48- OXAbla 

Total  

Burn  0 (0.00%) 4 (13.33%) 

Urine 1 (3.33%)  6 (20.00%) 

Wound  0 (0.00%) 2 (6.67%) 

Sputum  3 (10.00%) 9 (30.00%) 

Ear  1 (3.33%) 8 (26.67%) 

Vaginal 0 (0.00%) 1 (3.33%) 

Total  5 (16.67%) 30 

Chi-Square (χ2) 4.269 ** 7.251 ** 

* (P≤0.05), ** (P≤0.01) 

 

Table 3: Distribution of patients study according to sources and  blaOXA-1 . 

Sources  
Positive 

1- OXAbla 

Total  

Burn  2 (6.67%) 4 (13.33%) 

Urine 4 (13.33%)  6 (20.00%) 

Wound  2 (6.67%) 2 (6.67%) 

Sputum  6 (20.00%) 9 (30.00%) 

Ear  6 (20.00%) 8 (26.67%) 

Vaginal 0 (0.00%) 1 (3.33%) 

Total  20 (66.67%) 30 

Chi-Square (χ2) 7.316 ** 7.251 ** 

* (P≤0.05), ** (P≤0.01) 
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Fig. 3 : Agarose gel electrophoresis analysis of blaOXA -48 (481bp). Ladder denotes to 1000 pb 

DNA ladder. Detection was accomplished on agarose gel (1.5%) at 90 V for 2 hour, stained with 

safety Red Stain and visualized on a UV transilluminator documentation system. L:ladder 
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marker.

 

Fig. 4: Agarose gel electrophoresis analysis of blaOXA -1 (425bp). Ladder denotes to 1000 

bp DNA ladder. Detection was accomplished on agarose gel (1.5%) at 90 V for 2 hour, 

stained with safety Red Stain and visualized on a UV transilluminator documentation 

system. L:ladder mark. 

 

 

CONCLUSION 
The majority of the bacteria that were identified from the sputum samples was K. pneumoniae 

infection. Conclude that a high frequency of blaOXA -1 and blaOXA -48 gene occurrence was 

found among identified K. pneumonia cases, which may reflect the high level of pressure from 

the use of related antibiotics. Additionally, the results demonstrated that sputum had a higher 

prevalence of the blaOXA -1 and blaOXA -48 gene to isolate sources. 
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 الخلاصة
 هي بكتريا سالبة لصبغة كرام إنتهازية تسبب العديد من الأمراض. Klebsiella pneumonالمقدمة: 

المسدوولة  48-واوكسدا 1-وإيجداد مددإ إنتشدار اينداك اوكسدا K. pneumonلعدل  البكتريدا  تهدد  الدراسدة الحال دةالهدف من  الدااةنة: 
 عن مقاومة المضاداك الحيوية.

.وبالطريقة  تم تشخ ص البكتريا بواسطة الطرق المظهرية و البايو ك م ائ ة وتم التاكيد على التشخ ص بنظام الفايتكالمواد وطرق العمل: 
 اعل البلمرة. باستخدام تف 48-واوكسا 1-اوكساالجين ة تم عل  ايناك 
 48-واوكسددا 1-إنتشددار ايندداك اوكسدداوإيجدداد مدددإ  K. pneumoniaeلحال ددة الددى عددل  البكتريددا الدراسددة ا هددد  النتننج و والمنجة:ننة: 

امعد  بصدورة عشدوائ ة مدن ا دخاغ بدالغين يعدانوت مدن التهدا  سدريرية عيندة  158تم امد  و  ،المسوولة عن مقاومة المضاداك الحيوية
 الحدددروق والجدددروت الملتهبدددة  دددي كدددت الجنسدددين مدددن مستشددد  اك عددددة  دددي بغدددداد و صو دددا ،هدددا  المجدددارل البول دددةتإل، المجدددارل التنفسددد ة

مستشدفى اليرمدوو ومستشدفى المحموديدة.  دي الفتدرة مدن ايلدو  الدى  ،المركدل الصدحي  دي المحموديدة ،المختبراك التعل م ة  ي مدينة الطب
 .K عللدددة مدددن العدددل ك الال دددة كانددد   %(31.6) 50ام الفايتدددك لادددل العدددل ك ب نددد   واظهدددرك النتدددائ  بنظددد 2020تشدددرين الأو  

pneumoniae  7.66 دي 1-التحدرل عدن إنتشدار ادين اوكسدا تد   ديوالتحليل الجيني كشف من  ت  تفاعل البلمدرة التقلبددل اتبد  كفا 
كانددد   48-عدددل ك لجدددين اوكسدددا 5بينمدددا اشنتشدددار  دددي  بدددين العدددل ك P≤0.0001والنتدددائ  الحال دددة اظهدددرك  دددرق معندددول عدددالي  دددي  %
 .p value ≤ 0.01اظهرك  رق معنول بين انواع العل ك % 6.16

 كان  اغلب انواع البكتريا المعلولدة مدن مر دى اشلتهدا  الرئدول والنتدائ  اظهدرك Klebsiella pneumoniae الإةتنتجججت:
 إنتشار ايناك الأوكسا.

 . ايناك اوكسا، 48-، اوكسا1-، عيناك سريرية، اوكساKlebsiella pneumoniaeالكلمجت المفتجحية:  
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